Chen, B., Lewis, M. and Grandison, A. (2014) The composition and physical properties of raw milk from a commercial herd were studied 8 over a one year period in order to understand how best to utilise milk for processing 9 throughout the year. Protein and fat levels demonstrated seasonal trends, while minerals and 10 many physical properties displayed considerable variations, which were apparently unrelated 11 to season. However, rennet clotting time, ethanol stability and foaming ability were subject to 12 seasonal variation. Many significant interrelationships in physico-chemical properties were found. It is clear that the milk supply may be more suited to the manufacture of different 14 products at different times of the year or even on a day to day basis. Subsequent studies will 15 report on variation in production and quality of products manufactured from the same milk 16 samples described in the current study and will thus highlight potential advantages of 17 seasonal processing of raw milk. 
Introduction
raw milk. Compared with the UK, the lowest protein content observed by O'Brien, Mehra, intake of feed energy with indoor feeding.
50
These seasonal changes cause problems, but also allow opportunities for dairy manufacturers.
51
For example, it is well established that butter spread ability is better when produced from 52 summer fat compared with winter fat, due to the higher proportion of unsaturated fatty acids 53 when cows are maintained on pasture in summer (Schmidt and Van Vleck, 1974) . In the 54 cheese industry, extended rennet clotting times can result in either disruption of production 55 schedules or the failure to form a coagulum (Schmidt and Van Vleck, 1974) . In addition to and it is well known that calcium chloride addition can reduce the rennet coagulation time 64 and increase the curd firmness in cheese-making (Tsioulpas, 2005) . On-Nom, Grandison and linear relationship between log (ionic calcium) and mV output, with correlation coefficients greater than 0.99.
98
To determine total solids content (TS), raw milk samples (5 g) were accurately weighed and 99 poured into stainless aluminium dishes and placed in an oven (100 o C) to constant weight. The 100 residual dry weight of raw milk was considered as the total solids.
101
To measure buffering capacity (BC), 4.0 mL 0.1 M HCL solution was added to 25 mL raw 102 milk sample and left for 1 h at room temperature. The pH difference before, and 1 hour after,
103
acid addition was considered to be the buffering capacity, and was expressed in pH units. The 
106
Ash content was measured using the AOAC method (2005) respectively.
135
Freezing point depression (FPD) was measured for milk samples by using an Advanced Milk
136
Cryoscope 4L2 (Advance Instruments Inc., Metuchen, NJ, USA).
137
Rennet coagulation time (RCT) was measured according to Tsioulpas (2005) .
138
The average casein micelle size of raw milk was measured with a Zeta Master (Malvern
139
Instruments, Malvern, UK) according to Chen et al., (2012) .
140
Foaming ability was determined at 65 0 C by the air bubbling method developed by Huppertz University farm where there was no strict time schedule in moving from indoor feeding to 178 pasture feeding.
Statistical analysis

179
There was a little variation in the level of lactose which ranged from 4.52 to 4.69 % with no 180 significant seasonal differences. This is not surprising as lactose is well known to be one of 181 the least variable milk components.
182
pH showed a similar seasonal trend to the protein, which was significantly higher in spring 183 than in summer and autumn. However, buffering capacity (BC) did not display any 184 significant seasonal trend.
185
Generally the levels of minerals and citrate were within the normal range found for cows' 186 milk, and while there were fluctuations, there were no significant differences between 187 seasons. The total calcium and magnesium concentrations followed a similar trend. This is in definite trend over the year, and that these minerals were predominantly influenced by 1982).
193
The ash content for raw milk fluctuated greatly over the period of study, but no significant 194 seasonal difference was observed. The maximum ash content (1.03%) was observed in
195
August and minimum content (0.53%) was found in October. Rao and Mishra (2010) 196 reported that ash content was not significantly influenced by season, breed and lactation stage,
197
but much narrower variations were observed compared to the current study.
198
The Ca 2+ concentration ranged from 1.68 to 2.55 mM (which corresponds to 5.7 to 8.7% of 199 the total Ca), with no significant seasonal differences. Although bulking of milk will reduce 200 these variations, raw milk destined for processing will still be subject to considerable 201 variations in Ca 2+ and pH, which may have significant effects on its processing behaviour. December and the lowest in September in California, using a method based on titration of 211 milk to pH 4.0. Again, farming methods and feeding regime probably contributed to 212 differences in the study.
213
The BC depends mainly on the composition and distribution of minerals and proteins 214 between aqueous and solid phases. Salaun et al., (2005) The average value of total solids was 12.78 % which gave a strong positive correlation 267 coefficient (p<0.001) to the fat content as shown in Table 4 . Also, it was weakly correlated 268 with total ash and calcium content.
269
Lactose content was weakly correlated with total ash, citrate and SCC content.
270
As shown in and fat content observed in Table 5 is probably secondary to the correlations of fat with pH 314 and protein (Table 4) .
315
The negatively with total calcium and citrate content in raw milk in the present study.
366
Rajčević et al., (2003) reported that a statistically significant negative correlation occurred 367 between SCC and lactose content in milk, which was in contrast to the present study.
368
Compared with former researchers, the significant positive correlation in our results could be 369 attributed to the different feed, regions and even milking methods. 
Freezing Point Depression (FPD)
371
Freezing point depression was significantly higher in winter than in spring and summer 372 (Table 3 ) with a range comparable to that reported by Shipe (1959) -i.e. 515 to 530 m o C.
373
Changes in temperature and diet were considered to be primarily responsible for the seasonal 374 effect on milk FPD (Henno et al., 2008) . Pinkerton and Peters (1958) suggested that 375 differences in environmental temperature and animal feed were contributing factors to the seasonal variations that they observed. However, Henno et al., (2008) pointed out that the 377 increase in milk FPD was not caused by the lack of energy or protein from the feed ration 378 used but was probably due to the increased water intake with increased temperature and 379 sunshine hours. No significant correlation between FPD and compositional parameters was 380 found, which implies that FPD was a strong independent parameter in raw milk. The freezing 381 point of cows' milk is relatively constant as a consequence of osmotic equilibrium in milk 382 and blood (Shipe, 1959) . 
Foaming ability
385
The foaming ability (the time to produce a foam) of raw milk in the summer period was 386 significantly lower than in spring, autumn and winter (Table 3) . It was significantly positively 387 correlated with protein and casein content in raw milk ( and lactose were not subject to seasonal variations, since these variables were located close to 422 the origin of the coordinate (Figure 1 ) which is in agreement with Significance levels: * P < 0.05; ** P < 0.01; *** P < 0.001
Total solids= TS; Somatic cell count= SCC 
